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Abstract 
Lower standard rural roads with a design speed less than 40 km/h account for more than 80% of total roadway network in China. 
In most situations, vehicles on these rural roads are of free traffic flow, and the driving stability of a vehicle is therefore mostly 
influenced by alignments and road surface. Single-vehicle run-off-road crashes are often associated with poor road conditions. 
Therefore, the improvement of alignment design of the roads can be effective to reduce the number of traffic accidents. This 
research targets at the analysis of driving in several sections of a four-class rural road in Yunan province, China, with varying 
alignments and complex shapes. In this context, a road creation module, a vehicle dynamics model, and driver module are 
established in computing environment, and integrated into a “roadway-driver-vehicle” virtual driving system. Driving 
simulations of a passenger car model on the test segments are conducted. Speed, driver workload, and ride comfort are analyzed 
in relation to varying geometric alignments. The simulation results show that: by balancing the design parameters of adjacent 
curve radii and the tangent length in-between, critical safety driving speed on lower standard rural roads can be obtained; the use 
of hairpin curves and the absence of spirals would lead to a rapid increase in both angular speed of steering wheel and lateral 
acceleration change rate, resulting in increasing driver nervousness and passenger discomfort. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the Department of Transportation Engineering, Beijing Institute of Technology. 
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1. Introduction 
In China, lower standard rural roads with design speed less than 40 km/h are commonly designed based on 
minimum specifications within the scope of design standard to save money. The lower standard roads in 
mountainous areas have features of sparse traffic flow, narrow pavement, and low standard for their horizontal 
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and/or vertical curves. Except locations near bazaars, free flow driving is common on most segments of lower 
standard rural road with limited pedestrian interference. Therefore, the speed of traveling vehicle is mainly affected 
by the road alignment and pavement condition. The accidents on the roads (e.g. collisions on horizontal curves or 
run-off-road collisions) are the result of broken driving stability due to poor road conditions, or wrong operations of 
driver induced by the poor alignment. Therefore, it is necessary to evaluate whether the highway design is 
compatible with vehicle and driver behavior, and modify the mismatched alignment elements to reduce the number 
of single vehicle accidents. This evaluation can be used for identifying potential accident clusters and obtaining 
improvement countermeasures. 
Currently geometry design research is mostly focused on expressways with design speed over 80 km/h or two-
lane non-divided secondary roads. Operating speed continuity is a popular design method [8,10]. Several scholars 
use driving simulator [2,12], alignment index [7] and 3D highway scene simulation [6,9] to diagnose issues with 
geometric alignment. The V85 statistical model is the most important estimation method for operating speed on new 
road design. The value of V85 of arbitrary spot on the route is generally the minimum among the environment speed, 
horizontal curve control speed, tangent speed and vertical curve control speed [5,14]. For published V85 regression 
models, as the fitting data mainly come from single curve of level or level-hilly terrains, the models have difficulty 
in consistency evaluation of the lower standard road in mountainous area with a combination of steep grades, sharp 
curves and complicated alignment [3,14]. The driving simulator method involves a participant manipulating the 
steering wheel and pedals in front of a screen playing virtual highway scene. Sometimes highway simulation can be 
conducted without human participation, but the construction of high-fidelity visual graphics often consumes 
extraordinary amount of time and effort for a driving simulator. Therefore, driving simulator is not applicable for 
rapid evaluation of highway design, and is obviously an uneconomical way for analyzing lower standard roads. In 
addition, in driving simulator there is no need to worry about the consequences of running-off-road, the tester may 
prefer to use an unrealistically higher speed, negatively influencing the evaluation results [1,16].  
In the paper, a road creation module, a vehicle dynamics model, and driver module consisting of steering control 
module and speed control module are established in computing environment, and integrated into a “roadway-driver-
vehicle” virtual driving simulation system. The curve radii, deflection angle, road width, super-elevation, friction, 
and other parameters are inputted the road module to create 3D road surface. The road geometry and pavement 
parameters are identified by the driver module to determine the desired path and the desired speed. Therefore, there 
is no need to build lifelike scenery of roads, evaluation of roadway alignment with the virtual driving simulation is 
fast. The system is applicable for roads of any design speed and complex alignment.  
A four-class rural road in Yunnan China is selected as the test object in the paper.  In the simulation, the driving 
process on the test road is executed and the dynamic response of the car model and steering inputs are obtained. The 
key issues are whether the geometric alignment in lower standard road in mountainous area is compatible with 
vehicle characteristics, whether the frequent use of the minimum standards of alignment will burden the driver’s 
steering task, whether high number of run-off-road crashes is related to lower standards, and whether we can find a 
balance between safety and low construction cost. 
2. Computation-based driving system model 
2.1. Road creation module 
A “typology element” concept is introduced in the paper for programming the road geometry to generate 3D road 
models. The combination “tangent + spiral I + circular curve + spiral II” is defined as a “typology element”, where 
the tangent, spiral and the circular curve are regarded as the basic calculation elements. Horizontal curves are 
described with this input set, {i, Lt, LS1, ac, R, LS2, S}. Lt, LS1, and LS2 represent the length of the tangent, the lengths 
of the first and the second spiral of typology element i. ac and R represents the deflection angle and the radius of the 
circular, S represents curve direction, S = -1 means left turn and S = 1 means right turn. Based on the basic input 
format of horizontal curves, complex horizontal alignments such as, “S” shaped curves, egg curves, “C” shaped 
curves, broken-back curves, compound curves and others can be established. Vertical curves are described with this 
input set, {j, dj, Lj, Tj, Rj}, where dj, Lj, Tj and Rj represent the gradient, slope length, tangent length and the radius of 
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a vertical curve j. In addition, the pavement width, lane widened type on horizontal curves, and lateral coefficient of 
friction are also required as input data to the road creation module. 
2.2. Steering control module 
The steering control module together with the speed control module forms the driver module. The aim of steering 
control algorithm is to calculate the steering input δ, the angular velocity dδ/dt and angular acceleration dδ/dt2 of 
steering wheel at any point of time. Fig.1 (a) shows the algorithm structure. Firstly, an ideal driving path is 
determined within the given road established in the road creation module, i.e. desired path Pd. The following 
calculation can be divided into two parallel parts. On the one hand, calculate the lateral acceleration ay,t of the 
current time t according to the driving speed Vx,t and yaw velocity Ω. Meanwhile, the track correction algorithm 
creates a connection path Pco between the current location and the desired path. The curvature of Pco and the 
corresponding lateral acceleration ayc are determined and the difference value ᇞay between ay,t and ayc is calculated, 
which indicates the state value that the vehicle need to adjust at the next step. The transverse distance at the preview 
time tp is calculated according to the current lateral velocity. Compared with the desired path, the value of ᇞytp at 
time tp is determined. If ᇞytp does not exceeds the allowable transverse deviation Llat, the proportion coefficient Ai is 
zero; otherwise, use the reaction time tlat into account to determine the value of Ai. Finally, the values of δ, dδ/dt and 
dδ/dt2 are calculated according to ᇞay and Ai. 
2.3. Speed control module 
The algorithm of the speed control module is similar to that used in the steering module, and its structure is 
illustrated in Fig.1 (b). A major task in this module is to calculate the longitudinal acceleration difference ᇞax at any 
time, and adjust the driving speed Vx toward the desired speed Vde by tuning the longitudinal acceleration rate. The 
determination of Vde is as following: first, choose the lower value from the curve traveling speed Vc and the 
maximum speed Vx,max,  where Vc = 3.6•(ay,tol•R)0.5, and  ay,tol is the tolerable lateral acceleration.  
The positions of the deceleration starting point and acceleration ending point are calculated according to the 
value of speed change before/after circular, and deceleration rate ab and acceleration rate ax (Shao, 2015). Therefore, 
a preliminary desired speed profile, a polyline, can be obtained by linking the control points shown in Fig.2 (a). 
Speed spikes in dotted lines may occur on short tangents between adjacent curves, which are not based on real-
world driver behavior and need to be eliminated shown in Fig.2 (b).  
 The variables ay,tol, ab and ax varies with the highway geometry feature, and the influence factors are curve radius 
R and lane width WL. The value range [aLB, aUB] of ay,tol is set to each design speed (20, 30, 40, 60, 80, 100, 120 
km/h) respectively. When R = Rmin, ay,tol = aUB; when Rmin< R < Rc, ay,tol decreases as R increases; when R ≥ Rc (Rc is 
the critical radius), ay,tol = aLB. Use the equation ab = ab,max•fb(R) to determine the value of ab, where ab,max is the 
maximum deceleration rate and fb(R) is the curvature influence function. When R ≤ R1, fb(R) = 1; when R ≥ R2, fb(R) 
= 0; when R1 < R < R2, the value of fb(R) decreases as R increase. The determination of ax is the same as ab.  
2.4. Dynamics model of a passenger car 
A passenger car is selected as the vehicle type for simulation and its full dynamics model is created using the 
software ADAMS/Car. The configuration of the car is: double-wishbone suspension (front and rear), rack-and-
pinion steering gear, disconnection drive axle, sway axle, and hydraulic “disc-clamp” brake. The tire model is based 
on the Magic Formula model. The basic parameters of the car is: front gauge 1520 mm, rear gauge 1594 mm, 
wheelbase 2590 mm, weight 1215 Kg, height of gravity center in empty load 457 mm. Fig.3 shows the visual scene 
of the vehicle model running on a 3D road controlled by driver model in ADAMS/Car. The running status can be 
viewed from various angles and the vehicle dynamics responses can also be viewed with the assistance of the post-
processing module in the software. 
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3. Experimental design of driving simulations 
3.1. Test roads 
A fourth-class rural road (Daguan-Yongshan) in Yunnan China is selected as the test route. The basic information 
of the road is: total length 51.46 km, mountain terrain, alternative valley lines and ridge crossing lines, designed 
speed 20 km/h, asphalt pavement with 6 m width (several difficult alignment with 5m-5.5 m width), non-divided 
two-lane, smallest radius 15 m, average radius 87.15 m, 37.45% of horizontal alignment curvy, maximum gradient 
9%. For this test route, minimum dimensions of alignment elements are commonly used along with hairpin curves.  
Spiral is not used for any curves.  There are 9% down/up grades with short grades around 3% to fit the terrains. Four 
typical segments (1, 2, 3, and 4) from the test route are selected for simulation. Fig.4 shows the alignments of the 
four segments in the computer model.  
 
Calculate
curvature of
the track
Calculate the
actual and
desired ay
Ƹay=ay,c-ay,d
Determine
the desired
path
Calculate
lateral
deviation of tp
and tnow
Determine
the correct
path
Calculate
integral
coefficient
Integrator
Vehicle position
(xt,yt,zt)
Coordinate of
travel road
(xi,yi,zi)
Current
lateral situation
(y, y, y )
Preview
time
tp
Coordinate
of Pco
Curvature of
Pco and Pac
Vx,t
ay,a ay,d
Ƹay
Ai
Ƹytp Ƹyt
tlat
Llat
δ δ δ
Coordinate
of Pde
a
    
Desired speed
on curves
Calculate start
of braking and
end of speedup
Impulse cut and
profile
smoothing
Determine the
correct speed
Calculate
curvature of
Vre
Calculate the
actual and
desired ax
Predict speed
and speed
deviation of tp
Calculate
integral
coefficient
Coordinate of
desired path
(xdi,ydi,kdi)
Current
speed
(xt,yt,Vt)
Integrator
Vx,max
ay,tol
ax,max
ab,max
Vtol
tlon
Actual
longitudinal
accelation ax,t
Preview
time
tp
Desired speed Vd
change (velocity) of the throttle and/or brake
Ƹax
Ai
Vco
kVco
ƸVtƸVt+tp
b
 
Fig. 1. (a) algorithm structure of steering control; (b) algorithm structure of speed control. 
Vxmax
0
V d
e
(k
m
/h
) VC1
VC2
VC3
Station (m)
Ƹ
V 1
Ƹ
V 2
a
  
0
VC1
VC2
VC3
Vxmax
V d
e
(k
m
/h
)
Start point of
slowdown
End point of
speedup
Strike eliminated
Station (m)
b
 
Fig. 2. (a) speed profile on circular curves; (b) desired speed profile on the road segment. 
3.2. Driving mode and drivers parameters 
Considering the traffic patterns and driving habit in rural roads, the road centerline is selected as the track path, 
and the modes of lane-change or evasive maneuvers are not taken into account. Lateral reaction time of drivers (for 
steering controls) tlat = 0.3 s, Lateral allowable deviation Llat = 0.4 m, Longitudinal reaction time (for accelerator 
pedal and brake pedal control) tlon values from 0.6 s to1.0 s, Longitudinal speed allowable deviation Vtol values 
from 1.08 to1.8 km/h. The parameters are determined based on 70% percentile of drivers’ behavior. 
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Fig. 3. A passenger car model is running on a 3d road 
  
     
bridge site
    
Fig. 4. Test road segments displayed in ADAMS. (a) Segment 1, Sta34+918ˉSta36+825; (b) Segment 2, Sta29+170ˉSta27+722; (c) Segment 3, 
Sta48+671ˉSta49+869; (d) Segment 4, Sta37+300ˉSta38+650. 
3.3. Evaluation indexes for highway alignment 
There are three types of indexes to evaluate the alignment quality and safety characteristics: speed, driver 
workload (described by steering inputs δ and dδ/dt) and comfort (described by lateral acceleration ay and its change 
rate day/dt). There are two different speed based evaluation approaches. One is to let the target speed Vt be a fixed 
value close to the designed speed. The other is the coordinated operating speed, i.e. driving speed change depending 
on the road geometry. For the former, it can be found out from simulation if the current vertical and horizontal 
alignments will imperil the driving safety and whether incorrect design was used.  For the latter, the simulation 
results can be very helpful for detecting inconsistency in the design and therefore revising the geometry design. 
a b 
d c 
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4. Alignment safety analyses with a fixed driving speed 
The Daguan-Yongshan road has low daily traffic volume with free flow traffic, and the target speed Vt = 25 km/h 
is used as the fixed speed. Fig.5 shows the velocity of car body from simulation results of test segment 1. The 
driving speed Vx corresponds to the target speed inputs Vt quite uniformly. Despite some fluctuations in Vx around 
curves, there is no discontinuity in the speed profile along the whole segment, the integration of the horizontal and 
vertical alignments appear to be successful for the driving vehicle. The locations with fluctuations in Vx indicate it is 
difficult for the driver to maintain the speed. From both Fig.5 (a) and (b), it can be found out that the both Vx and Vy 
largely fluctuate in synch at the same locations. Therefore, it can be concluded that locations with changes in driving 
speed Vx may also result in sideslips or overturn at the same locations. The four largest fluctuations in speeds 
occurred on the two hairpin curves (radii is 15.44 m and 15 m respectively) and two small radius curves (radii is 20 
m and 15 m respectively). 
Fig.6 (a) illustrates speed profile of the car on test segment 2. It can be seen that the driving speed Vx increases 
steadily from the fixed driving speed with two spikes along two hairpin curves. This road segment has an average 
down grade of 5.6% with long steep down grade of 9% and some short portions of down grade of 3% (see Fig.6 (b)). 
Therefore, the downgrades make it difficult for the driver to maintain the driving speed. Toward the end of the 
downgrade, there are two hairpin curves with the radius of 15.0 m and 15.87 m (see the previous Fig.4 (b)). At the 
two locations it is difficult to control the speed and sideslip may occur. 
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Fig. 5. Speed profile of vehicle model driving along segment 1 (a) longitudinal speed; (b) Lateral speed. 
5. Alignment consistency based on operating speed 
For this simulation, operating speed varies based on alignment and the model. The parameters for determining 
operating speed are set as follows to determine the operating speed V85: Vx,max = 56 km/h, ay,tol ranges from 1.5 m/s2 
to 3.5 m/s2, ab,max = 3.0 m/s
2, ax,max = 0.65 m/s
2. 
In Fig.7 (a), the operating speed on segment 2 in the first 30% of the road segment has a narrow range fluctuation 
around 40 km/h. As the differences between V85 on this portion of the roadway ᇞV85 are less than 8 km/h, the curves 
in the roadway portion provide good driving experience. In this portion of the segment, there are 5 circular curves 
with radii of 35, 35.5, 35, 30 and 40 m, the tangent length between neighbouring PI are 103, 85, 100 and 117 m, so 
the distribution of radius and spans between PIs are relatively balanced.  This implies that despite lower standards of 
design were used; a route with even speed can still be obtained by the well-balanced use of horizontal radii and 
tangent length. 
For the second half of the segment, the operating speed has experienced dramatic reductions and increases for the 
two hairpin curves, and ᇞV85 is greater than 34 km/h. This indicates inconsistent geometric features, and 
discontinuity with existing tangent elements adjacent to the sharp hairpin curves. Except areas of the two hairpin 
curves, the operating speed on the segment is much larger than 20 km/h, and the coordination between the operating 
speed V85 and the designed speed Vd, (V85 -Vd), cannot be met. 
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Fig. 7. (a) operating speed along test segment 2; (b) operating speed along test segment 3. 
A beam bridge with 16 m span is close to the beginning of road segment 3. The intersection angles for entering 
and exiting the bridge axis are about 86°. The radius of bridge approach is only 15m, resulting in a typical Z-shaped 
alignment (see Fig.4 (c)). The operating speed in Fig.7 (b) decreases sharply as the car was entering the bridge, 
indicating that the Z-shaped alignment sharply deteriorates the driving condition. Toward the last portion of the 
segment, there is an about 400 m length tangent beginning shown in the previous Fig.4 (b). The operating speed was 
continually increasing until reaching the maximum speed 56 km/h (environment speed), which is more than two 
times of the design speed. Therefore, the goal of speed control is not achieved. 
The simulation results of road segments 2 and 3 indicate that, for improving the harmonization, consistency, and 
continuity of alignment layout, the designer should pay attention to the distribution of length of tangents LT and 
curve radii R, and try to use similar R and LT of successive elements which is a good method to avoid fluctuations in 
speed. In addition, long tangents are unfavourable for design consistency. 
6. Driver’s steering workload of alignment 
6.1. Steering workload evaluation criteria 
A moderate steering workload can be described from two aspects: firstly, sudden steering input causing driver 
nervousness should not appear within the driving duration of the road. Secondly, the distribution of steering task 
along the route should be balanced, longtime zero steering and steering clusters all do not facilitate driving. Angular 
speed of steering wheel dδ/dt is selected as the evaluation criterion of the degree of driver intensity. Based on the 
data provided by Zong Changfu [17], the threshold value dδ/dtlim of the peak angular speed dδ/dtp is set to 57°/s.  
b 
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The parameter tδ0 is used to represent the driving duration when the steering wheel is maintained on a certain 
position (zero workload period), in this paper, the threshold value tδ0,lim is set to be 60s. For the road with balanced 
steering task, tδ0,i ought to meet the criteria: tδ0,i < tδ0,lim = 60 s.  The steering wheel torque Mδ (or the steering force 
Fδ) can also reflect drivers’ steering workload. However, due to the discrepancy of the steering gear structure and 
the use of the hydraulic/electronic assisted equipment, the threshold value of steering wheel torque becomes very 
difficult to determine, and simulation results of different vehicle type often are incommensurable, so Mδ or Fδ is not 
recommended as the evaluation criterion.  
The car model in this paper contains a rack-and-pinion steering gear, and the steer ratio it is 16.6. At present, the 
steer ratio of passenger cars is generally of 15ˉ17.  Therefore, it is in the normal range. 
6.2. Simulation results of test roads 
Fig.8 shows the simulation results of steering wheel angle δ and its change rate versus time dδ/dt along three road 
segments. There are four positions where the value of δ exceeds 240°/s on Segment 1 in Fig.8 (a), it means drivers 
have to turn the steering wheel for 3/4 round of a circumference. There are six positions where the peak values of 
dδ/dt and dδ/dtp exceed the 57°/s threshold value, and three of them even reach 100°/s or more. The three locations 
correspond to the two hairpin curves of 15m radii and a sharp curve of 84° deflection angle of 15m radius (Figure 
4(a)). In Fig.8 (b) and (c), there are two sudden steering movements, corresponding to the bridge approach of Z-
shaped alignment in the previous Fig.4(c) and a switch back curve in Fig.4 (d). It indicates that the use of switch 
back curves deteriorates the driving comfort and makes driving difficult on the road segments. 
In the previous Fig.4 (c) and (c), there is a long tangent in front of the hairpin curve, resulting tδ0,i = 70.2 s, 
breaking the equilibrium of the steering task of drivers, and a dδ/dtp of 110 °/s appeared in the following circular 
curve will cause driver nervousness. Therefore, so this kind of design combination should be avoided.  
In addition to the frequent use of the 15 m small radius, absence of spirals is another factor causing common 
occurrence of sudden steering. As for lack of spirals, the transition from straight driving mode to curve driving mode 
is completed in a short distance around TC point. In our test segments, the curvature of the central line jumps from 
zero to 1/R at TC point, which requires that the turning action of driver must be taken right before reaching the TC 
point. The values of steering behavior parameters such as, steering advance distance L0,i (the distance between 
steering beginning point and TC point), steering time tδ,i, steering length Lδi (the distance traveled during the steering 
time tδ,i) can be extracted from profile δ in Fig.8.  
For example, L0,i ranges from 11 to15 m, Lδi ranges from 25 to 28 m, steering operation of driver maintained 
forward into circle for 14 m, and tδ,i ranges from 3.7 to 4.2 s.  Therefore a passenger car needs a distance of 25ˉ28 
m to get over the curvature difference at TC or CT point. If the steering distance can be provided in the form of 
spirals, the alignment quality will be improved significantly. So the spiral with at least 25 m length should be 
adopted in fourth-class road design, this recommendation is 5 m longer than the minimum length recommended in 
the alignment design guide (JTC D20—2006). 
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Fig. 8. profile of δ and dδ/dt along the test segments. (a) simulation results of segment 1; (b) simulation results of segment 3; (c) simulation 
results of segment 4. 
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7. Evaluation of traveling comfort 
The lateral acceleration ay of vehicle body in curved segments has always been an important factor to evaluate 
driving comfort pertaining to alignments. ay in curvy alignment must be limited in road geometry design. A common 
practice adopted in the current geometry design is: ay İ1.8 m/s2 is acceptable, 1.8 m/s2 <ay <3.6 m/s2 is bearable, 
and ay ı5.0 m/s2 exceeds the human’s bearing ability [13,15] 
In Fig.9 (a), the peak values of lateral acceleration ay,p on three sharp curves on segment 1 are up to 2.2ˉ2.4 m/s2 
at driving speed of 25 km/h, which exceed the 1.8 m/s2 comfortable limit, but still within the 3.6 m/s2 bearable range. 
This indicates that although a comfortable ride is rare in mountainous areas, a prudent driver still can maintain 
comfort even on a road of the lowest standard. As high ay,p value always happens on sharp curves with small radii, 
an essential method to improve traveling comfort is to control the frequency of minimum radii, and increase radius 
for sharp curves in the reconstruction of old roads. 
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Fig. 9. (a) profile of ay along the test segment 1; (b) profile of day/dt along the test segment 1. 
The increasing rate of lateral acceleration day/dt can be obtained by derivative of ay, and the control parameter of 
the spiral can be examined according to the value of day/dt. At present, a reasonable range of day/dt is 0.3ˉ1.0 m/s3. 
Fig.9 (b) is the day/dt profile on road segment 1. The value of day/dt in curved and straight sections of the segment 
are both around zero. Therefore, its amplitudes primarily appear around the TC/CT (without spirals) point. In Fig. 9 
(b), there are six locations where the day/dt reaches or exceeds 1.0m/s
3 in the 2 km segment, which indicates that 
even driving at a low speed on a road without spirals, the value of day/dt may still exceed the limit. As day/dt is 
directly related with driver stress, the factor of driver fatigue can be a major concern for lower standard road with no 
spirals. 
8. Conclusions and recommendations 
In China, minimum allowable design values are widely used for lower standard roads with design speed less than 
40 km/h, which may have contributed in frequent accidents on these roads. By using “roadway-driver-vehicle” 
virtual driving system, virtual driving tests of a passenger car is conducted on a fourth-class road in the presented 
research. Dynamics responses and steering inputs of a driving vehicle model are analyzed on four test road segments. 
It is discovered in the research that the essential reason for high numbers of accidents on roads of lower design 
speed is not the low road design standards, but the designers’ loss of control of the alignment coordination, 
consistency, and continuity. Higher safety routes and low construction cost can be achieved at the same time as long 
as proper balance of curve radii and tangent lengths are made. 
Absence of spirals in lower standard roads may make drivers nervousness and therefore causing fatigue. If spirals 
of 25 m length are inserted between circles and tangents, the driver workload will noticeably decrease. 
The ratio of straight alignment distance to road length should be controlled. For roads on mountainous terrains, a 
balanced control is to let alignment fitting the topography to balance the steering task and reduce the project 
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expenses. In addition, in the view of the speed coordination and driving workload equilibrium, the “curve” design 
method is more suitable for highways in mountainous areas, which essentially attempts to fit alignment onto the 
topography.  
The rapid change rate of lateral acceleration may introduce big amplitude jumps at TC and CT point on fourth-
class rural roads without spirals, which may cause driver discomfort. Therefore, the “tangent + circle” alignment 
configuration is not recommended. 
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